ABSTRACT. We examined 212 complete sequences of the cytochrome b gene for all pika species (Lagomorpha: Ochotona) as well as 250 skulls of pikas from the eastern Himalayan region. The results of our analyses suggest that a new and distinct subspecies of large-eared pika -Ochotona macrotis gomchee ssp.n. occurs in Bhutan. 
Introduction
Individual species of petrophilous pikas (Ochotona sp.) are usually restricted to narrow and species specific altitudinal and ecological bands (Smith et al., 1990) . Mountainous landscapes with deep gorges or glaciers can isolate otherwise continuous habitats, resulting in fragmentation of populations. Complex topographic relief can therefore have negative impacts on individuals' dispersal, hence influence species distributions, especially of high altitude and montane species. The topography of the Eastern Himalaya region (see Material and methods section for definition of the area) is quite complex (Fig. 1) . Three mountain systems: Himalayas, Hengduan Mountains, and Transhimalayan Range Nyenchen Tanglha, meet within a tightly circumscribed geographic area, bisected by the Tsangpo Gorge.
The Eastern Himalaya is not very well studied especially in terms of small mammals. This is reflected in the sparse number of pika specimens from Bhutan and the Indian state of Arunachal Pradesh represented in museum collections. One of these specimens, housed in the Smithsonian Institution's National Museum of Natural History, has previously been cited as a remote record of O. forresti Thomas, 1923 (Smith et al., 1990 Hoffmann & Smith, 2005) . However, O. forresti is currently known only from the Hengduan Mts, therefore the validity of specimens ascribed to O. forresti originating from the Eastern Himalaya remain uncertain (Ge et al., 2012) . In this paper we investigate the taxonomic identity of the specimen from the Smithsonian Institution. We also include all the data available for petrophilous pika species reported from the Eastern Himalaya.
Materials and methods

Morphological analyses
We analysed all available museum specimens of Ochotona within the region bounded to the west by the Kali Gandaki River, the acknowledged border between western and eastern Himalaya, and southern mountain ranges of Hengduan Mts in the east (Fig. 1) . To the south, our region of interest is bounded by the natural southern limit of pikas' distribution, while the northern limit was artificially selected to be constituted by portions of the Tibetan Plateau adjoining the Eastern Himalaya south of Tsangpo River. We combined two species: O. sikimaria Thomas, 1922 and O. thibetana (Milne-Edwards, 1871) under the conventional name "O. thibetana s.l." These two species are very similar in morphology (Dahal et al., 2017) , so such combination should not affect our results. Discrimination between these latter two species is in need of a more focused investigation.
Our morphological sample included 285 skulls (Appendix 1), 35 of which were juvenile hence not included in the main analysis (see below); we examined approximately 400 skins. Specimens examined were housed in the collections of the Smithsonian Institution's National Museum of Natural History (USNM, Washington, D.C.); Institute of Zoology, Chinese Academy of Science (BIZ, Beijing); Kunming Institute of Zoology (KIZ, Kunming); Natural History Museum (NHMUK, London); Northwest Institute of Plateau Biology of Chinese Academy of Science (NWIPB, Xining); Zoological Survey of India (ZSI, Kolkata); Sichuan Academy of Forestry (SAF, Chengdu); Field Museum of Natural History (FMNH, Chicago); Museum für Naturkunde (ZMB, Berlin); American Museum of Natural History (AMNH, New York); Museum of Vertebrate Zoology (MVZ, Berkeley); Zoological Museum of Moscow University (ZMMU, Moscow), and Zoological Institute of Russian Academy of Sciences (ZIN, Saint Petersburg).
Following Lissovsky (2014), twenty measurements were taken on each skull using calipers to an accuracy of 0.01 mm. Measurements included: condylobasal length, length of palatine foramen, upper diastemal length, alveolar length of maxillary toothrow, rostral length (from the anterior edge of premaxillary bones to the posterior edge of maxillary toothrow alveoli), length of auditory bulla, distance between auditory bullae, length of the suture between parietal bones, length of the suture between frontal bones, maximal length of orbit (OL), maximal width of orbit (OW), interorbital constriction, width of the rostrum between maxillary openings, zygomatic breadth (ZB), postorbital constriction (PC), maximal width between lateral edges of auditory bullae, general skull height, skull height on the level of auditory bullae, general height of mandible, height of mandible behind the toothrow. All calculations were carried out on log 10 -transformed measurements in order to linearize age variation (Mina & Klevezal, 1976) .
Our material included only three geographic samples containing both juvenile and adult pikas across all species. We were thus unable to correct for age bias, as in previous studies (Lissovsky, 2014) . Juveniles were therefore excluded from the analysis in order to minimise age bias. A variant of factor analysis was applied as an ordination method: first, the eigenvectors of the between group covariance matrix (with identifiers of single-species geographical samples as groups) were calculated. Secondly, the initial data matrix was multiplied with the matrix of the eigenvectors. Thus, the initial data were rotated into the space of intergroup variation without distortion of the initial space (Obolenskaya et al., 2009) . The analysis was performed twice: first using all species from the studied region, and secondly using O. macrotis (Günter, 1875) Ma, 1986 , for which there is no complete sequence available (Appendix 2). We retrieved 207 sequences from GenBank and generated five sequences de novo. One sequence was generated from a single claw plus terminal phalange from specimen USNM 397219 (GenBank accession KX989538). Four sequences were obtained from fresh tissues preserved in ethanol. These included three specimens of O. forresti (SAF 07680, SAF 07668, SAF 07679) and one specimen of O. macrotis (SAF 07637) that were collected in Ridong, Chayu, Xizang, China (GenBank nos. KX989537, KU359628, KU359627, and KX989536, respectively). Fourteen taxa of leporids were used as outgroup, following Lissovsky (2014) .
Extraction. For the single claw sample, extraction methods followed McDonough et al. (in prep.) for extracting DNA from mammalian claws. Extraction and library preparation were performed in an isolated room used exclusively for ancient DNA extractions at the Smithsonian Conservation Biology Institute, Center for Conservation Genomics. Initially, the claw was rinsed with 0.5% fresh bleach solution following Campos & Gilbert (2012) . The sample was then rinsed with 70% ethanol, and placed in a sterile 2 mL screw-cap tube filled with 1.5 mL of HPLC-grade water. The sample was rinsed in water for 72 h, changing the water every 12 hours to avoid any bleach carry-over. The claw was then dried with a sterile Kimwipe and cut into several sections using a sterile scalpel blade. The sample was placed into a new sterile 2 mL screw-cap tube with rubber gasket and 600 µL of extraction solution were added following McDonough et al. (in prep.) . Samples were then placed on a rotator in a 37°C incubator for 72 h, adding Proteinase K and DTT as needed until the toenail was completely dissolved. The sample was extracted with phenol twice, with chloroform once, and finally DNA was collected using an Amicon filter following Leonard et al. (2000) . The DNA sample was quantified using a Bioanalyzer High Sensitivity Kit (Agilent).
For samples preserved in 95% ethanol, total genomic DNA was extracted from muscle tissues using the Qiagen DNeasy Blood and Tissue Kit (Qiagen, Germantown, MD, USA). Double-stranded DNA amplifications of complete cyt b were performed for each individual with universal primers L14724 (Pääbo & Wilson, 1988), L15408 and H15915R (Irwin et al., 1991) , and H15149 (Kocher et al., 1989) .
Library preparation. Because historical DNA is typically fragmented, we did not shear the claw DNA extract as is generally done during the first step in library preparation. Instead, 40 µL of DNA extracted from claw were purified using 5X magnetic bead purification following Rohland & Reich (2012) , then prepared using a KAPA LTP library preparation kit with beads for Illumina platforms following the manufacturer's protocol with ¼ reactions. Dual indexing PCR (Kircher et al., 2012) was performed with Nexterastyle indices using KAPA Hifi with an initial denaturation of 98°C for 45 seconds followed by 18 cycles of 98°C for 15 seconds, 60°C for 30 seconds, 72°C for 60 seconds, with a final extension of 72°C for 5 minutes. The reaction was purified using 1.8X magnetic beads and visualized on a 1.5% agarose gel.
High-throughput sequencing. The toenail library was quantified using a Bioanalyzer High Sensitivity Kit and Qubit high sensitivity assay. The historic sample was pooled in an equal molar ratio with samples for another project. Samples were run using a 2 x150 MiSeq Reagent Kit v3 on a MiSeq platform at the Smithsonian Conservation Biology Institute, Center for Conservation Genomics.
Analyses. Paired-end reads were merged using PEAR v0.9.4 (Zhang et al., 2014) . Adapter sequences were removed using Cutadapt v1.4.2 (Martin, 2011). Prinseq v0.20.4 (Schmieder & Edwards, 2011 ) was used to remove reads with mean quality score < 20 and PCR duplicates. Reads were mapped to the Ochotona princeps mitochondrial genome (GenBank no. NC00538.1) using the BWA-MEM algorithm implemented by BWA v0.7.10 (Li & Durbin, 2009). The SAM output was visualized in Geneious v8.1.6 and the cyt b gene sequence extracted.
A total of 1 377 221 reads were merged in PEAR (Zhang et al., 2014) . After adapter cutting and quality filtering, 1 315 406 reads were mapped to the reference sequence. After mapping to the O. princeps (Richardson, 1828) mitochondrial genome, we recovered approximately 100x coverage of the complete mitochondrial genome and approximately 165x coverage of the cyt b gene.
Amplification and sequencing in alcohol-preserved samples. PCR amplification was performed in a reac-tion mixture of 25 µl containing 5 pM of each primer, 100 ìM of each dNTP, 2.5 ìl 10 X LA PCR Buffer, 1.25 U of TaKaRa LA Taq® (TaKaRa Biotechnology Co., Ltd., Dalian), and 50-100 ng genomic DNA. The PCR amplification reaction was performed with initial denaturation at 95°C for 5 min, followed by 34 cycles of 30 s at 94°C, annealing for 50 s at 48-50°C, and a 1.5 min extension at 72°C, with a final extension at 72°C for 10 min.
Amplified PCR products were checked electrophoretically on a 1% agarose gel and visualized with ethidium bromide-staining to verify PCR quality. The fragments were sized using the molecular weight marker DL2,000 (TaKaRa). Purification of PCR products was conducted with a MiniBEST DNA Fragment Purification Kit v.3.0 (TaKaRa). Direct sequencing was performed using the Big Dye 3.1 Terminator cycle sequencing kit (Applied Biosystems, Foster City, CA, USA) according to the manufacturer's instructions. Nucleotide sequences were recovered using an ABI PRISM 3730 sequencer (Applied Biosystems).
Phylogenetic analyses. Maximum likelihood genetic distances were calculated using Treefinder (Jobb, 2011) . The Akaike information criterion was used to determine the most appropriate model of molecular evolution in the Propose Model dialog. Standard deviations of ML distances and bootstrap values were calculated using 1000 replicates.
A Bayesian analysis was performed in MrBayes 3.2.5 (Ronquist et al., 2012) run for 23 000 000 generations; and implementing two runs with five independent chains with a heating parameter of 0.04, 25% burn in, a sampling frequency of 5 000, under the GTR+I+Г model separate for each codon position following Lanier and Olson (2009). Stationarity was assessed in Tracer v1.6 (Rambaut et al., 2014) . The heating parameter was selected in preliminary runs following Ronquist et al. (2011) . Maximum clade credibility trees were constructed using TreeAnnotator v2.2.1.
Distributional modelling
Since specimen USNM 397219 was collected at high altitude (ca. 4010 m asl) near a glacier, and constitutes the sister taxon to O. macrotis sensu stricto (see below, results), which also is a high altitude species, we calculated and mapped the 95% confidence interval of the altitudinal distribution of O. macrotis (3600-5334 m asl, n=29). We also classified landscapes of the region under consideration herein into five discrete categories using generalized average monthly MODIS data for June 2004 (http://glcf.umd.edu/data/modis/). One of the categories roughly corresponded to flat high altitude deserts after comparison with topographic maps of 1:500 000 scale. The value of annual precipitation for the territory under this category was 369 ± 249 mm (average ± SD). Annual precipitation values and altitudes were taken from WorldClim (Hijmans et al., 2005) . All calculations were carried out in Scanex Image Processor v. 4.2.14. We used Classification-Unsupervised-IsoData algorithm with 50 iterations for classification. The number of categories was determined manually to better fit flat, high altitude deserts. Fig. 1 ; Chen & Li, 2009; Ge et al., 2012) . The broadest distribution among petrophilous species in the region is that of O. macrotis which, however, have never been recorded from the territory of Bhutan.
Results
Museum
Specimen USNM 397219 is a subadult pika with rounded crests on the angular process of the mandible; general proportions of the skull are similar to those of adult pika (Lissovsky, 2004) . Measurements (from the museum tag) are: total length 155 mm; hind foot 20 mm, ear length 26 mm, and body weight 130 g. The skull of the specimen lacks one auditory bulla and has no frontal openings. Incisive and palatal foramina are confluent; this opening is not pear-shaped, as in O. forresti (Feng & Zheng, 1985; Smith et al., 1990; Ge et al., 2012) . The proximal half of the nasals is wide with parallel outer parts, as characteristic for O. macrotis (Fig. 2) . The cranial shape of this specimen is similar to that of O. macrotis, O. roylii, and O. gloveri (Fig. 3) , being notably different from the burrowing species O. nubrica, O. thibetana, and O. curzoniae. More detailed study (Fig. 4) shows that Bhutanese specimen occurs on the periphery of the cloud of points representing the multivariate morphometric cranial variation of O. macrotis.
Specimens of O. forresti s.str. are distinctly segregated in morphospace from the specimen under discussion and also do not intersect O. macrotis (Fig. 3) . Unlike O. macrotis, the nasal bones of O. forresti con- verge in proximal direction (Fig. 2) . Specimens of O. f. duoxionglaensis are located closer to O. macrotis than to O. forresti in two-dimensional morphospace (Fig. 3) . The caudal part of the nasal bones in O. f. duoxionglaensis are wider, with subparallel labial margins (Fig.  2) . Cranial differences between the Bhutanese specimen and O. f. duoxionglaensis also are manifested in the broader skull and larger orbit in the former: Bhutanese -ZB 21.6 mm, PC 15.0 mm, OL 10.4 mm, OW 8.3 mm; O. f. duoxionglaensis -ZB 20.5-21.3 mm, PC 14.1-14.8 mm, OL 9.9-10.1 mm, OW 8.0-8.2 mm.
Fur coloration of the Bhutanese specimen (Fig. 5 ) differs notably from all representatives of O. macrotis. The dorsal side of the specimen is dark grey speckled with black; ventral parts are grey. The collar is sandy; a patch of long hairs behind the ears is silver, while the eye patches are grey. To all appearances, the specimen is in winter fur. In contrast, the winter pelage of O. macrotis is light grey or sandy with no collar or black speckling. Another notable difference relative to O. macrotis is absence of a chestnut patch on the forehead of the Bhutanese specimen. Stark contrast in the chest- nut forehead patch is characteristic in all populations of O. macrotis across its range. Some specimens of O. m. chinensis Thomas, 1911 , which is distributed in the Hengduan Mts. well east of Bhutan and the Great Bend of the Tsangpo River, are somewhat darker. However, a chestnut forehead patch remains clearly visible even in winter pelage. In the Bhutanese specimen, the forehead does not differ from surrounding skin. The length of the ear (26 mm) is in the lower limit of the variation for O. macrotis: mean ± SD for the latter is 29.2 ± 3.8 mm (n=30); min-max 21-35 mm; 95% confidence interval 27.8-30.6 mm. dispersed in the grey of the head and shoulders in all specimens; the ventral parts also are grey. Ears are without dark edge band. Ear lengths are 21, 23, 23, and 24 (from museum labels). Specimens seem to be in summer fur, probably, partly in moult.
Specimens (Fig.  6) . Sela Pass and the headwaters of Chamka Chhu, where our Bhutanese specimen was collected, lie on the same aspect of the Great Himalaya Range, and the straight-line geographic distance between the two points is ca. 148 km. The distance measured within the selected altitudinal band containing habitat likely for O. macrotis is about 249 km. The animal on the photos have a clear macrotis-like dark band along the ear edge. However, other pelage features are similar to Bhutanese specimen: there is no chestnut patch on the forehead, the dorsal fur is dark speckled with black, and there are silver hairs behind the ears, which are of moderate length. The underparts of the animal from Sela Pass are rufous, not grey, which could be an attribute of summer fur.
Skins of O. f. duoxionglaensis have a similar pattern but distinct colouration. The dorsal parts in specimens collected in August and early September are brown, the head and shoulders are grey, the head is darker, collar lighter, and there is no chestnut forehead patch. One specimen, NHMUK 48.310, originally identified as "O. roylii chinensis" from Nam La, south of Namcha Barwa, has a dark grey hind head, but the cheeks and forehead are more similar to O. macrotis: cheeks are lighter and the forehead is brown. Many silver hairs are The Bhutanese specimen occupies a sister-taxon position to O. macrotis on the tree derived from the analysis of the mitochondrial cyt b gene (Fig. 7) . The genetic distance between the former specimen and O. macrotis is 8.2% (Table) ; other cyt b interspecific distances also are listed in Table.
Discussion
The Bhutanese specimen appears to constitute a sister-taxon to O. macrotis based on the phylogenetic analysis of the cyt b gene (Fig. 7) 16.6-30.0] cal differences between the Bhutanese specimen and O. duoxionglaensis (see Results), we consider the differences between O. duoxionglaensis and the Bhutanese specimen to be of a subspecific level. Distribution of potentially suitable habitats in Eastern Himalaya indirectly supports the hypothesis of isolated distribution of two pika taxa in the region (Fig. 1) . Altitudinal restriction of habitat distributions is affected by the extensive glaciers and deserts in the higher altitudes of the Himalaya, potentially making the distribution of O. macrotis in the region consist of at least two isolated populations: that of Bhutan on the one hand, and that of the Great Bend of the Tsangpo River on the other. Thus, spatial contact between O. duoxionglaensis and Bhutanese taxon seems unlikely. Accordingly, we describe the Bhutanese taxon as:
Ochotona macrotis gomchee Lissovsky, ssp.n.
Holotype: male, USNM 397219, collected 24 of October 1973 by Sidney Dillon Ripley in Bhutan, Bumthang, Kangra Pizum Chhu, headwaters of Chamka Chhu ("Chu" in museum label), altitude ca. 4100 m (13400 ft.) asl (approximately 27.95°N; 90.69°E).
DIAGNOSIS: Pika of medium size (condylobasal length, 38 mm; total body length, 155 mm) with dark grey pelage speckled with black; collar sandy; ventral parts grey (Fig. 5) . Incisive and palatal openings of skull widely confluent; proximal half of nasals wide, with parallel outer sides (Fig. 2 B) .
COMPARISONS: Differs from O. macrotis in shorter ear, darker pelage speckled with black, and dark grey head without chestnut patch on the forehead. Differs from O. m. duoxionglaensis in wider skull and larger orbit.
ETYMOLOGY: The subspecific trivial epithet is a Bhutanese name for pikas.
We have no data on distribution of O. m. gomchee, however distribution of potentially suitable habitats and skins of museum specimens allow us to hypothesize that this taxon possibly extends its distribution towards the southern slope of Eastern Himalaya from East Sikkim to the westernmost part of Arunachal Pradesh. Distribution extending far to the east, in northern Arunachal Pradesh, is not likely as the southern slope lacks altitudinal range there required for an ecologically suitable environment.
The large eared pika, O. macrotis, is widely distributed across high mountain ranges of Inner and Central Asia (Smith et al., 1990; Hoffmann & Smith, 2005) . It inhabits alpine talus in the high altitude regions of Tianshan, Pamir, Karakoram, Kunlun, western Transhimalayas, Himalaya, and Hengduan Mts. Previous taxonomic discussions of O. macrotis have included debates on the phylogenetic position of pikas from the Hengduan Mts. (Feng & Zheng, 1985; Smith et al., 1990; Hoffmann & Smith, 2005; Lissovsky, 2014) , which are darker in colouration and seem to be isolated geographically from Himalayan pikas. However, the multivariate space limits of intraspecific variation of O. macrotis (Fig. 4) . Based on congruence between morphological and mitochondrial datasets, we therefore consider that mitochondrial introgression is an unlikely scenario and consider the resulting tree topology (Fig.  7) to be accurate. However, pelage colouration and shorter ear length distinctly discriminate this specimen from all those of O. macrotis. Inference based on pelage therefore suggests that the Bhutanese specimen may constitute a distinct, undescribed taxon in the species group.
The genetic distance between this specimen and its sister taxon, O. macrotis, is about 8%, which is twice the distance between subspecies of large-eared pika (O. macrotis) from the western Himalaya (O. m. macrotis) and Hengduan Mountains (O. m. chinensis; Table) . Eight percent is comparable with interspecific distances within Ochotona and Pika subgenera, but lies within the magnitude of intraspecific variation in some well studied species such as O. princeps and O. rufescens. Ochotona macrotis belongs to subgenus Conothoa (Yu et al., 2000; Lissovsky, 2014) , where interspecific distances are the largest among pikas (Table) (Fig. 1) 
